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Abstract 
This paper reports the study of different aspects of data based modelling, focusing on physical issues and 
considering a simplified case study. Different analysis approaches have been applied to several data series recorded 
in different test conditions. The results have been compared. The effect of solar radiation, and the relevance of non-
constant surface effects have been evaluated through an exploratory mono-dimensional analysis. Afterwards tri-
dimensional analysis has been applied, to estimate the overall UA and gA value of the simplified building. The 
robustness of the results is studied comparing results from data set recorded under different test conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
Nowadays, experimental energy performance assessment poses a big challenge in the building energy labelling
problem. Obtaining reliable energy performance parameters from experimental data is, still, an open problem. 
Dynamic tests allow modelling buildings and building components from experimental campaigns held under 
dynamic conditions. One of the strengths of these methods is that they permit extracting intrinsic characteristics 
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parameters from time varying data. This is one of the key needs to carry out energy performance assessment of “as 
built” buildings, under outdoors weather and in occupancy conditions as far as these conditions are dynamic. 
These analysis approaches must be able to deal with features brought by the particular experimental conditions of 
these test campaigns. One of the key distinctive aspects of these tests conditions is being dynamic involving time 
varying measurements, which call for the application of system identification techniques and time series analysis 
tools. However dynamic character is not the only key feature present in real life tests. Many other physical 
phenomena in these tests must be taken into account. Simplifications criteria play an important role to obtain 
accurate results and design cost effective tests in this context. Dynamic analysis must be robust, giving stable 
estimates for constant parameters and allowing identifying clear dependencies for non constant indicators. 
The analysis reported in this paper is focused on physical aspects of data analysis, considering different analysis 
approaches applied to a simplified case study. A round robin box tested in Belgium and Spain in the framework of 
the IEA EBC Annex 58 project has been studied. Different analysis approaches have been applied and the results 
have been compared. Several data sets recorded in different weather conditions and different heating sequences have 
been employed. The effect of solar radiation on the opaque walls, and the relevance of non-constant surface effects 
have been evaluated through an exploratory mono-dimensional analysis. Afterwards tri-dimensional analysis has 
been applied, to estimate the overall UA and gA value of the box. The robustness of the results is studied comparing 
results from different data sets recorded under different test conditions, comparing the results obtained applying 
different analysis approaches, and comparing results from mono-dimensional and tri-dimensional analysis. 
2. Case study
The simplified building considered in this paper is a round robin test box built in the framework of Annex 58 and
used to support some research activities in this project ([1]). This box can be seen as a scale model of a simplified 
building, with exterior dimensions of 120x120x120 cm³. Its floor, roof and wall components are all identical 12 cm 
thick. One wall contains an operable wooden window with overall dimensions of 71x71 cm² and a glazed part of 
52x52 cm². It is kept free from the thermal influence of the ground. For more detailed description about this test set 
up see [2]. The objective of the analysis is to obtain its overall heat loss (W/K) coefficient and solar gains (m2). 
3. Data
Data recorded in winter in Belgium at the premises of the Belgian Building Research Institute in Limelette,
Belgium (50°41’ N, 4°31’ E), and in Summer at Plataforma Solar de Almería in Spain (37.1° N, 2.4° W), have been 
analysed. The weather conditions in Belgium are temperate, with a mild, but rainy, humid and cloudy winter. The 
weather in Almeria is dry and extremely hot in summer, with large temperature amplitudes between day and night. 
During day time, solar radiation is very high on horizontal surfaces and the sky is usually very clear. 
The following series 3b.1, 3b.2 and 3b.3 recorded in winter in Belgium, and series 4.4, 4,5 and 4.6 recorded in 
Summer in Spain, have been analysed: 
• Series 3b.1: 25/01/2013 to 8/02/2013: Co-heating test. Indoor air temperature set point is 25°C
• Series 3b.2: 8/02/2013 to the 22/02/2013: Free running test.
• Series 3b.3: 25/02/2013 to 28/02/2013. ROLBS power sequence.
• Series 4.4: 17/06/2013 to 26/06/2013: Controlled heating power using a 100W incandescent lamp. Indoor air
temperature set point is 40°C, dead band is 0.8°C the first day and 0.5°C afterwards.
• Series 4.5: 28/06/2013-1/07/2013: ROLBS power sequence. Heating power using a 60W incandescent lamp.
• Series 4.6: 2/07/2013-10/07/2013: Free floating temperature.
Fig. 1 indicates a significant difference between the levels of horizontal solar radiation, which is significantly
higher in summer in Spain than in winter in Belgium. 
2330   K. Chávez et al. /  Energy Procedia  78 ( 2015 )  2328 – 2333 
(a) Winter Belgium. Series 3b.2 in section 3. (b) Summer Spain. Series 4.6 in section 3. 
Fig. 1. Global vertical (red) and horizontal (green) solar radiation. Winter (Belgium) and summer (Spain). 
Observation of heat flux through the opaque walls in Fig. 2 gives relevant information to model the influence of 
solar radiation. Fig. 2c and d show that heat flux through the different opaque walls, are quite similar in summer in 
Spain. It must be taken into account that differences lower than the uncertainty in the measurement of heat flux 
sensor cannot be interpreted as actual differences. The minimum uncertainty in this measurement is 5%. 
However mayor differences are seen in Fig. 2a and b among the different walls in winter in Belgium. Heat flux 
through the roof lower than heat flux trough the floor may be because solar gain reduces the net heat losses through 
the roof. But taking into account that this behaviour is not seen in summer in Spain when horizontal radiation is 
much higher, it is concluded that it is due to solar radiation through the window and incident in the internal surfaces. 
This makes sense taking into account sun position. Similar considerations are done for east and west walls. 
(a) Heat flux through each opaque wall. Winter Belgium. (b) Heat flux through ceiling and back wall. Winter Belgium. 
(c) Heat flux through each opaque wall. Summer Spain. (d) Heat flux through ceiling and back wall. Summer Spain. 
Fig. 2. Heat flux through the opaque walls in different free running tests in winter (Belgium) and summer (Spain). Series 3b.2 and 4.6 
respectively in section 3 
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4. Data analysis
4.1. Modelling 
Linear regression method based on averages, RC and multi-output ARX models have been studied. LORD ([3]) 
has been used to identify parameters in RC models and IDENT MATLAB has been used for the ARX models. 
In order to evaluate if solar radiation through opaque walls is relevant, assuming that all the opaque walls are 
identical, the focus has been put on the 1D analysis of the ceiling. Candidate models including and not including g-
value have been considered. Once disregarded the influence of solar radiation in the energy balance through the 
walls, the 1D U value has been estimated for all the opaque walls and the UA and gA values for the whole text box. 
4.1.1. Regression analysis method based on averages 
First a regression analysis method based on averages has been used ([4]). Although the employed equation is 
analogous to the steady state energy balance equation, dynamic features of the test have been considered. A dynamic 
energy balance equation is first stated. Then this equation is integrated for a time interval long enough to make the 
accumulation term much lower than the other terms. Finally averages are used to estimate integrals. The minimum 
integration period that allows this simplification must be identified. 
Several candidate models have been considered to obtain the U value of ceiling and floor. These models have 
been built considering the energy balance equation for the heat flux through the corresponding internal surface. A 
first model is considered assuming that this heat flux is due exclusively to the difference of indoor and outdoor air 
temperature. Other candidate models have been built adding separately different terms to this basic model. Terms 
representing solar gain, wind speed, longwave radiation and accumulation have been tried. In all cases, models with 
and without y-intercept have been studied. Candidate models to obtain the UA and gA of the whole box have been 
built analogously, but in this case the energy balance is considered for the volume confined by the building 
envelope. Integration period from 1 to 4 days have been studied. Further work will consider longer integration 
periods. 
4.1.2. RC models 
Models represented in Fig. 3 have been considered, for the opaque walls and whole box. 
(a) With A3=1. (b) With A4=1 (c) With A4=1 
(d) With A5=1, H3-4=H2-3 and C4=C2. (e) With A5=1H3-4=H2-3, C3=C2 and (1/H6-5)→0. 
Fig. 3. RC models studied: (a), (b), (c) and (d) for opaque walls; (e) for whole test box. Where Gv is the global vertical solar radiation, Ti and Te
are the indoor and outdoor air temperatures. H parameters are thermal conductances and C parameters are effective heat capacities of the models.
4.1.3. ARX models 
In ARX models the output, y(t), is expressed as linear function, using constant coefficients, ai and bi, of a 
number, s, of past readings from the inputs, u(t), and also from a number, r, of past readings of output itself as: 
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( ) ( ) ( ) ( ) ( ) )()(...0...1 tetsbtusbtbtubtrtyrattyaty +Δ+−++Δ−=Δ−+Δ−+ (1) 
Where ǻt is the sampling interval, e(t) represents the model error. 
The physical parameters are found from the ARX model taking into account that the steady-state energy balance 
equation of the system and the ARX model, when all its inputs and outputs are constant, must be coincident, so the 
steady-state physical parameters can be found by comparing these two equations [5]. This comparison is possible 
provided that the ARX model has the same variables as this steady state energy balance equation. Consequently the 
first step in this approach is to deduce the suitable steady state energy balance equation based on physical 
knowledge. Taking into account the issues discussed in section 3, and results from previous analysis approaches 
(sections 4.1.1 and 5), solar gain is considered only through the window and negligible through the opaque walls. 
Multi-output models have been used because they have shown a very robust performance in previous works ([6]). 
5. Results
The preliminary dynamic analysis based on averages and linear regression indicates that no one of the considered
effects (solar gains, wind speed, longwave radiation) improve the basic model to obtain the U-value of the opaque 
walls. Improvements regarding the basic model have been observed when vertical solar radiation and accumulation 
are considered to estimate the UA of the whole box. It is difficult to analyse the differences between the different 
integration periods due to the limited data analysed. This issue will be considered in further work using more data 
series. More detailed results not included in this summary, are in accordance with the other applied approaches. 
Results obtained for the different considered RC models are summarised in Table 1 to Table 5, and results 
obtained using ARX models are summarised in Table 6 to Table 9. 
Focusing on the 1D analysis of the ceiling, it is seen that models without solar radiation show better agreement in 
the U-value estimate for different data series, for all the studied approaches. Models with solar radiation give a very 
low g-value estimate. Most of these values are in the range of its uncertainty and sometimes negative. This happens 
even in summer in Spain, with the highest level of solar radiation incident on the roof. Taking into account these 
results, the 1D g-value of the opaque walls has been considered negligible in the analysis of the other opaque walls 
and the whole box, and only vertical south solar radiation has been consider in the analysis of the whole box.  
Slight differences in the 1D U-value estimates for the different opaque walls should be further analysed. It could 
be due to small differences in the construction of the walls. Perturbations due to solar radiation through the window 
and incident in the internal surfaces increasing the heat flux from indoor to outdoor, should be further investigated. 
Good agreement has been observed among the different data series for the UA-value estimates for the whole box. 
Some of the applied approaches show differences in the gA-value of the whole box (lower in winter and higher in 
summer). This behaviour is not clear in all the applied approaches. When differences are observed they are a bit 
hidden by the uncertainty of the corresponding parameter. This behaviour will be further investigated. 
Table 1: Ceiling. U-value (W/m2K). The output considered in each model is indicated in parenthesis in 1st column.
RC Model Series 4.1 Series 4.2 Series 4.3 Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
Fig.3a(HF) 0.480±2.7% 0.465±2% 0.566±0.0% 0.499±0.5% 0.495±4.2% 0.421±3.5% 0.449±0.1% 0.558±1.8% 0.386±13% 
Fig.3b(HF) 0.517±2.5% 0.468±0.8% 0.488±0.0% 0.500±0.4% 0.492±3.9% 0.492±3.9% 0.449±0.0% 0.558±2.9% 0.425±0.1%
Fig.3c(HF) 0.652±1.0% 0.727±0.2% 0.781±0.2% 0.619±0.2% 0.569±0.0% 0.707±1.3% 0.451±0.3% 0.467±0.5% 0.429±0.4%
Fig.3b(Ti) 0.463±12.2% 0.025±100% 2.78±74.2% 0.433±2.5% 0.501±3.1% 0.505±57.7% 0.451±0.0% 0.657±5.7% 0.423±0.0%
Fig.3d(HF) 0.515±0.8% 0.469±0.1% 0.516±0.3% 0.500±0.1% 0.505±0.8% 0.483±0.9% 0.449±0.0% 0.558±3.1% 0.425±0.1%
Table 2: Ceiling. g-value (-).The output considered in each model is indicated in parenthesis in 1st column. 
RC Model Series 4.1 Series 4.2 Series 4.3 Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
Fig.3c(HF) 0.005±2.9% 0.014±0.9% 0.010±0.1% 0.008±1.1% 0.003±0.0 0.004±4.0% 0.001±32.2% N/A 0.002±26.1%
Table 3: RC Model Fig.1d. Output: Heat Flux in the corresponding surface. U-value (W/m2K) 
Wall Series 4.1 Series 4.2 Series 4.3 Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
Ceiling 0.515±0.8% 0.469±0.1% 0.516±0.3% 0.500±0.1% 0.505±0.8% 0.483±0.9% 0.449±0.0% 0.558±3.1% 0.425±0.1%
Floor 0.375±0.6% 0.315±1.3% 0.391±2.5% 0.416±0.0% 0.411±0.8% 0.354±0.3% 0.468±0.4% 0.272±6.9% 0.445±0.7%
Back 0.487±0.2% 0.443±0.8% 0.463±4.8% 0.447±0.0% 0.451±0.3% 0.465±0.4% 0.427±0.1% 0.362±1.9% 0.266±0.5%
Right 0.423±1.0% 0.409±0.4% 0.436±4.8% 0.417±0.0% 0.417±1.5% 0.318±1.5% 0.413±1.7% 0.388±7.1% 0.402±0.2%
Left 0.440±0.3% 0.433±0.2% 0.442±12.8% 0.404±0.8% 0.400±1.8% 0.349±2.0% 0.429±0.9% 0.222±9.3% 0.390±0.0%
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Table 4: Box. RC Model Fig.3e. Output: Indoor Air Temperature. 
Parameter Series 4.1 Series 4.2 Series 4.3 Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
UA (W/K) 4.283±0.5% 3.613±18.9% N/A N/A 3.989±0.7% N/A 3.893±0.0% N/A 3.757±5.4%
gA (m2) 0.153±4.2% 0.117±4.1% N/A N/A 0.129±3.2% N/A 0.079±5.1% N/A 0.141±5.3%
Residual 0.194K 0.156K N/A N/A 0.235K N/A 0.134K N/A 0.172K 
Table 5: Box. RC Model Fig.3e. Output: Heating Power. 
Parameter Series 4.1 Series 4.2 Series 4.3 Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
UA (W/K) 4.300±0.3% 3.708±1.1% N/A 4.338±0.2% 3.941±0.2% N/A 3.991±0.0% N/A 3.698±0.0%
gA (m2) 0.160±0.7% 0.099±9.9% N/A 0.198±0.7% 0.131±0.4% N/A 0.139±0.4% N/A 0.107±0.2%
Residual 7.394W 10.727W N/A 43.589W 12.471W N/A 7.375W N/A 18.561W 
Table 6: Ceiling. U-value (W/m2K). ARX111 models. (a) Input: Te. Outputs: Ti, HFceiling; (b) Input: Gh. Outputs: Ti, Te, HFceiling
Model Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
(a) 0.489±0.005 0.4±0.1 0.01±0.01 0.47±0.02 0.6±0.5 0.3±0.1 
(b) 0.51±0.01 0.23±0.092 0.0002±0.007 0.54±0.02 -019±0.02 0.3±0.1 
Table 7: Ceiling. g-value (-). ARX111 model (b). Input: Gh. Outputs: Ti, Te, HFceiling. 
Model Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
(b) -0.0044±0.0003 -0.04±0.01 -0.008±0.005 0.001±32.2% 0.039 0.009 -0.044±0.001 
Table 8: U-value (W/m2K). ARX111 model. Input: Te. Outputs: Ti, HF (Ceiling, Floor, Back, Right and Left respectively). 
Wall Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
Ceiling 0.489±0.005 0.4±0.1 N/A 0.49±0.02 0.6±0.5 0.3±0.1 
Floor 0.403±0.003 0.3±0.1 N/A 0.49±0.01 -0.24±0.09 0.36±0.09 
Back 0.430±0.003 0.3±0.1 N/A 0.45±0.02 2.1±0.8 0.3±0.1 
Right 0.410±0.003 0.3±0.1 N/A 0.44±0.01 -0.3±0.1 0.32±0.09 
Left 0.377±0.008 0.2±0.2 N/A 0.46±0.01 -0.18±0.06 0.3±0.1 
Table 9: Box. ARX111 model. Input: Gv and Heating Power. Outputs: Ti, Te. 
Parameter Series 4.4 Series 4.5 Series 4.6 Series 3b.1 Series 3b.2 Series 3b.3 
UA (W/K) 3.7±0.1 3.6±0.4 N/A 3.7±0.2 N/A 3.8±0.1 
gA (m2) 0.19±0.04 0.21±0.08 N/A 0.03±0.02 N/A 0.11±0.04 
6. Conclusions
Taking into account the results from 1D analysis, the 1D g-value of the opaque walls has been considered
negligible in the analysis of the other opaque walls and in the analysis of the whole box. 
Good agreement has been observed among the different data series for the UA-value estimates for the whole box. 
Taking into account the considerations and the estimated modelling errors in each case, results marked in red in 
Table 8 and Table 9 are given as final best parameter estimates for the required parameters. 
The following issues should be further investigated: Slightly different 1D U-value estimates for the different 
opaque walls, perturbations due to solar radiation through the window and incident in the internal surfaces in winter, 
differences in the gA-value of the whole box shown by some of the applied approaches. 
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